Computed Tomography (CT) is a type of Medical Imaging that uses X-ray to generate cross-sectional images of the body with an effective dose that is higher than the dose of conventional radiography. For instance, the radiation dose for Kidney, Ureter, and Bladder (KUB) in conventional radiography is 0.7mSv, whereas, in the CT scan is 10mSv. Therefore, this study aimed to evaluate the patient radiation dose delivered in unenhanced CT-KUB examinations using two CT machines in compliance with the American College of Radiology (ACR) standards. This was a retrospective, cross-sectional study of all patients who had unenhanced CT-KUB examinations in King Abdulaziz Medical City in Jeddah between January 1 st and June 30 th , 2018. A total of 264 patients were included in the study. The mean CTDIvol, DLP, Time (s), pitch and effective dose were significantly different in the CT machines with a p-value between 0.004-<0.001. Both CT machines were within the ACR standards range of 10mSv. There was a positive strong correlation between the BMI (29.6 kg/m 2 ) and the effective dose with p-value=<001. The study further revealed that radiation doses delivered by the two CT scanners are compliant with the ACR standards.
Introduction
Computed Tomography (CT) has become a mainstay for diagnosing medical diseases. One of the most common examination that can be done with a CT machine is KUB examination, which is the examination for Kidney, Ureter, and Bladder [1] . This is because CT has many advantages such as quick, painless, and highresolution image. However, its main limitation is the amount of radiation delivered to the patients [2] . The concern of this study to calculate and compare the radiation dose that delivered to unenhanced CT KUB patients with American College of Radiology (ACR) standards.
CT Dose Descriptors
CT dose index (CTDI) is used to estimate the radiation dose outcome from each CT machine [2] . Dose index can be classified into CTDI100, CTDIw, and CTDIvol [3] .
CTDIvol measures the dose in the X-Y-Z axis plane for a single slice. The CTDIvol for helical CT scan is CTDIvol = CTDIw/Pitch [3] . CTDIvol also considered as a standard for comparing and assessing radiation dose among CT machines [2, 4] . Dose Length Product (DLP) is also used along with CTDIvol to calculate the radiation dose. DLP represents the total dose regarding the total length of the scan which could be estimated from the number of slices multiplied by the slice width. DLP can be calculated by using the following equation: DLP= CTDIvol (mGy)* scan length (cm) [5] . Moreover, the radiation dose also known as effective dose (EfD) takes into account the sensitivity of different tissues and the absorbed dose to specific organs. The unit of measurement for EfD is the milli-sieverts (mSv). According to the ACR standards, the estimated effective radiation dose for CT KUB examination is 10 mSv or less. The effective dose can be calculated by using this equation EfD=k*DLP, while k is the conversion coefficient that is specific only to the anatomical region scanned [6] . There are several factors affect the patient radiation dose, however, in this research, we mainly focused on the pitch, kVp, mAs, slice width and Spacing [2] .
Methodology

Studied Population
The study was conducted at the medical imaging department-CT suite in King Abdulaziz Medical City (KAMC) in Jeddah, Saudi
Arabia. This retrospective, observational, analytical, cross-sectional study included 264 -176 male and 88 femalepatients who underwent unenhanced KUB examinations, over the six months, from 1st of January 2018 to 30th of June 2018 and involved only adult patients. For all patients, we used these parameters: 100 or 120 kVp, 121-599 mA, pitch 0.984 or 1.374-and 2.5-mm slice thickness. The Body Mass Index (BMI) range from 59.51 kg/m 2 to 11.75 kg/m 2 with average 29.59 kg/m 2 .
Data Collection Plan and Instrument Used, Measurements
The data obtained from all the patients with renal calculi by utilizing two types of CT machines, which are CT HD, and LightSpeed VCT. CTDIvol and DLP have taken for all unenhanced CT KUB examinations from the hospital information systems (HIS) and pictures archiving and communication system (PACS).
Evaluation of Radiation Dose
The effective dose is a dose quantity used by the American College of Radiology (ACR) to determine whether an individual's radiation exposure within the accepted range or not, see Table 1 [7] . The calculation of the effective dose was done by utilizing this formula EfD = DLP*K which is adapted from the American Association of Physicists in Medicine (AAPM) [6] . 
Data Management and Analysis Plan
IBM SPSS Statistics version 21 was used to analyze the data. Descriptive statistics were conducted. The means and standard deviations for continuous variables were calculated for the whole sample. To compare the mean of each variable by type of CT machine, independent sample T-tests were used. The significant level was set up at P 0.05.
Results
A total sample of 264 participated in this study. The sample characteristics were reported in Table 2 . The mean age of the participants was 48.1 ±16.3, and most of them were male 66.7 %. As showed in Tables 2, 3 and 4, approximately three-quarters of the participants (n =199, 75.5%) were assessed using the GE (light speed VCT), while onequarter of the sample (n =65, 24.6%) were assessed with GE (CTHD). The mean BMI was 29.59 ± 6.45. The results of independent sample Ttests show significant differences of the mean of six variables based on the type of CT machine, see Table 5 . The mean CTDI and DLP significantly differ based on CT machine (t (262) = 3.77, p <001; t (262) = 2.89, p <001). Besides, mA, Time(s), pitch and effective dose significantly differed when using different CT machine. No significant differences were found in kVp, mAs, slice number, slice thickness and length cover when using a different type of CT machines. 
Table 5. Compare the mean of each variable by type of CT machine using independent sample t tests.
There was a positive strong correlation between the BMI and the effective dose using Pearson correlation coefficients, r = 0.502, n = 264, p <001 (see Fig. 1 ).
Fig. 1. Pearson correlation coefficients between BMI and effective dose.
The analyzing data shows that there was an effect of different values of pitch on the patient radiation dose. For example, when the pitch was at 0.984, the patient radiation dose was more in the light speed scanner (See Fig. 2  and 3 ).
Discussion
Our results showed significant differences in the mean of six variables based on the type of CT machine. The mean of CT dose index (CTDI), DLP, mA, Time(s), pitch, and effective dose significantly differ as shown in Table 2 . According to the American College of Radiology (ACR), the effective dose of abdomen region should not exceed 10 mSv, and this value is approximately close to the total mean of two CT machines which is 10.69. However, this small difference between the two values is accepted due to the variation in patients' sizes and BMIs. The recommended value usually is applicable for a patient with average weight and BMI. Patients in our study vary in their sizes, so we need to adjust the dose parameters for each patient. Estimating Effective Dose for CT Using DLP Compared with Organ Doses is a previous study that compared the mean of the effective dose of the abdomen region based on the International Commission on Radiological Protection ICRP 26, 60, 103, instead of ACR. The findings were close to the ICRP standards with slight differences that might also be related to the variation in patients' size [8] . Fig. 2-3 . The Effect of different values of pitch on the patient radiation dose.
Limitations
There are a few limitations that affect our findings. First, the number of patients is not equal between the two CT machines. Second, the exclusion of the comparison between the phantoms of each CT scanner minimizes the accuracy of our results.
Strength
This type of study has been done at KAMC-JD for the first time.
Conclusion
CTHD scanner gives less radiation than the LightSpeed VCT scanner. The radiation doses delivered by the two CT machines in KAMC-JD are compliant with the ACR standards. For further improvements, we recommend increasing the accuracy of the study by increasing the patient's sample size, inclusion the comparison between the phantoms, and calculating the effective dose of each organ instead of the abdomen region. Also, apply this research study on different CT procedures and not only unenhanced CT KUB examination.
Moreover, expand the comparison to include two or more hospitals instead of one.
